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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve performance by preventing 
Interference to a multipath caused by a pilot signal by removing the pilot 
signal of multipath component, which causes the interference of base 
band received signal, by reconstituting it as prescribed and 
adding/subtracting that signal later. 

SOLUTION: A signal rO of path 0 and a signal rl of path 1 in received 
decoding signals Kn) are respectively processed by an on-time selector 
circuit OTS and inputted to RAKE fingers 603 and 604 later. In this case, 
pilot reconstitution circuits 606 and 607 are reconstituting pilot signals 
through predicted attenuation, phase and path delay are respectively 
added to the fingers 603 and 604, the pilot signal from the path 0 is 
reconstituted, subtracted from the signal of path 1 by an adder 609 and 
removed. Similarly, the pilot signal reconstituted from the path 1 is 
subtracted from the signal of path 0 by an adder circuit 608 and 
removed and afterwards, the signals are respectively exactly 
demodulated by fingers 0 and 1 and bit-determined or processed by a 
viterbi decoder 605. 
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(54) mmoi^mi cDMAsm«i 



(57) [mm] SOB 603 S06 605 

> h MC - C DM ASM1ll^jS#t-r-S> to 

=]t-k>hCDMA«^?rS«L«afr§CDMAg 

O/WD-y N5^-\':^i;i/tttil:32b, (A) HH(DAXiSr 
^LTSMLrcCDMAm#*ie>5*-^^^*;l/tA'f 
D-;/ h5^^:^;i.>&m«0M©#®:*^fi6ffl-r^ (L-1) 
fH©^*«^^£r^fig-r-5LfS(D/~?>!,«a^g§t, (B) a 

^(Dmw-^&\zmmuri\^'^m(D (l-d f@©A°7.ai3 

S®5%®{H*©«S3«g{cJ:0*fi)c$n^ (L-1) m 
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Am^^^m Lffii^-r-s c dm AS««itc*3ViT. 

(A) L<@©/'«X«)5%® H@<D/^XS::frUTSfib 
JP^^^O. MS^©A^*ffiffl-r^ (L-l) <BO|*5fe« 

(B) Mai^#^g:fcMjlU;5:iiffi© (L-l) ffl© 

-1) <@<Di^*m^^£. mi^^mizmmr^cDMAm 
rscDMAsmsi. 

[it*iS2] HfffS (L-l) S«}J5!c 
W§S# (B) MSBII«fiKSn;fe/WP«> h 

[ti*^3] fltriE (L-i) ie©i^*ft^«, -*f® 

WIE (B) -*t(DffiM^!aaTS«fig$tlfc 
©CDMASWa. 

S ^ t Sr4#m<i:t-^W*J« 2 sEm© C D M ASm^. 

2 |E«© C D M ASftffi. 

XA$rfflViTflf«ifi!c$n^c/t-rP>y h«^*l^*TSC: 

t ^riRFii <t -r S if 4 ia«0 C D M A Sfflfi^o 



-^OfflMi!!ia$n>£:/1-f P him<D^^<Dm 1 4"^ 
ig«*l^*-r -5 t Stt*« 7 iE«0) C D M 

A^mmc 

[W*«9] (C) ftfi© (L- 1) fHoapggoii 

m0SLT^nm0!ima-n7.y^)V^ (RLP) ^s^ic 
w-r -5 d t-r i lei^o c d m Asm 

Cii*3Sio] WSH (C) nm^ma-/'%xy^JVi' 
tt, WPS'f>/i;i'X*s^ (F I R) :7^';i/^*fflViT 
^ n-s t t T SW^JS 9 gH«o C D M AS 

1 1 ] WBE*IS-f >/Vl7.}t^y^ )V9 tt. 
^ 7 -y ZfT—ZTJV^m V^T^il $ ns d i: S:i|#gS! t 
-r-5W*:«l 0IH«OCDMA§«^„ 

1 2 1 m^nmf^m p-/tx 7 -r jp^s' « 

IScffl o;i/ i7 T >y ^T— V^TiliS ;^ ^1 i: S: 
#m<i:T-2>»*« 9 IB«W C DM AS^i^o 

[I»*«i3] (D) m'^-^nrz-^)v^n7s^^<D 

m-^A^-fCfifoT. (L- 1) <g(D|^*«^©±fiK^ 
^ t ^iitti t-r ^ 1 iS« © C D M A §««io 

Sfit*^ 1 |2«©C DMA§M«|o 

-iUyhmn^m^-t^ltmz (L-l) fflO|^*M^ 

1 gB«0 C DM ASmttl. 
sB^OCDMASm^o 
CDMASWa. 

[W*JR181 Hi}8BPt-^>hCDMAm#«, i> 

nmt-r^m^m 1 fB^jocDMAsmn, 

[lt*^19] CDMA->7.7"AO:x— 



(3) 
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^i^tr^m^m i sE«ocDMAsm«8. 

t*<l#m<!:-r SWf*JS 1 l2«<Z)CDMASft«l. 
[§S*Ja 2 2] '>;i < t 1 fiO:x— tf 5='-3'5^^ 

MAm^ssmu. «3a-r-5CDMA§fttti©«fp;^fe 
wiama^x— ^'^^^^jutt, $)^/-^7.(d/u ay 

(A) L1B0D/1X^PtgCOa-^{C*5ViT, LfH®A;^ 

(B) LfB©Zli^^®©§^lC*ViT, gScDM#^ 
©tCBiabfiViftlCD (L-1) {BCOZ-^xmiSggODo-^® 
SiJ©H@©«ii§gf3J:0*fi!cSnfe (L-1) fB®|^* 
{t^^M^^©trM]®-r2. C DM A«^*^ 

X-;/ ;i tSr!^iS:i:f ^ C DMA§m«S®i(l 

2 3] (L - 1 ) <BOl^*ffi^O 1 

wiB (L-1) m<D^^^m^(D^^ (DMM-it. mmy'- 
m^ti^ ziz^wmt-r^mi^m i ib«o c DMA§<t 

^ (6) T#x.?,nSZ:ti£i|#iifr-5W*«2 3 
ISmwCDMASftm 
[^BJCDPaHT^CiJiHJ] 
[0 0 0 1] 

mm(Dmr^^m^m] *%hj«. m^^m^m (c 

DMA) S«a(3^L, h^^l^iS^R^fflV^ 
fca h-U'> hMC-CDMAS^«Jc:B8-rS. 
[0 0 0 2] 

mm<Dum'i m^^m^mr^^iT. (cdma) 

oafes, CDMAJa— tf«, ^>X{cJ; 
D fa® a— 6 KS'J ^ tlT t i -5, CD M Aft -7 -f 
hV\'>h*T$>-5!Hrm(Cd;0, ^<7?§ma«< RAKES 



[0 0 0 3] RAKESfttS^nt— U>h»r^^T.5 
-9 5ttill®CDMA>'XxA(0«-&»C*liT«. 31© 

[0 0 0 4] L*^b, •^)V^n:^^mifiW^r^m'^\z 

[0 0 0 5] /l-fP-y h«^«, ^^>:7>iJ>^«^©/1 
»7— ®*?I2 0%Tafe-5©T. ■€-0D'7;l/5^/t:^^S^J-«, e 

^V^y^v!7^^^)V(D-^m.1fi^^^^'t\z\t.. jfiiSSi 
m (near-far effect) »c:J;D. ^tCRffacon.— tf © tf 

[0 0 0 6] 

h M C - C DM ASfi«i€:ti«-r-5 t T'^S. 
[0 0 0 7] 

[iie*<S^-r*>£:«>©^®l *f8?g©CDMASMtti 

SmfS^;^>e.A^P-y hffi^Srl^*-r§, CWA-f 

->7hi:ilM) ^Ovi^^^^r— >-^r>x (sign 
ature sequence) JCJ:oTS)t;$nTliS, Z.(r>mWit 

AXfi£5i-oA--f p-y hM-^*^ ^tti^n, mm.(r>-^)V^ 

[0 0 0 8] #tC:*:fgHJ<DCDMASm«8«, 1SfC®L 
* (L«2et±(DS^) «AX«:^LT§«Lfc:<@^«i 

^;i^*-&ty P t- U > h C DM A«^<£S«L«ill 

[0 0 0 9] CDMA§ft^». Lffl©AX«iagi«:* 

L, #«iSg§«L*:<DAX<D|*I 1 ^WAX^iH-LTSfS 
L/cCDMA(B-^:*^e)7^— ^5=-^^-;U<i:A-rP-y h5^r 
^^l/^r^JliJb, LfSOM^^g: (subtracter means) CD 
i|^^<DlotCj;Oififfl$ns (L-1) 



(4) 



#M^10-327126 



(cancellation signals) ^^^T^o §Ljl<;)Mff¥ 

mt. ^(Dmn^mizmm-r^cDMAmm-^^ (l- 
1) m<D (L-i) <@©Ax«iigg©gij 

[0 0 10] mlU^M (pre-demodulation) (DMMMiZ 
*5ViT«, ^© (L-1) <B®i^*«^W. R^fiK^n 

[0 0 11] ^H^S (post-accumulation) ©HJfi^J 

jc*3ViT«, # (L-1) m<D^^^mmt, mm^xm 

[0 0 12] :^^m<Dm<DmMMiZ^^^Xit. n^Uy 
[0 0 13] 

mm<Dmm(Dmm 0 1 ictt i s - 9 5fflic-^xe>n 

^fflS:WrSI^»iA-f Dry h^g:#tiS!KDCDMAa«iJ 

U-hRb (b*>>hU~h, ->>3l^;l/U'-h) TO- 
-1f j t kj5^e><^)x-3'«^d^*tf-^l£ffgil 0 1 j <>: 1 

0 1 kfC^i^^tlT^iS. dJlT^S^g (g = 64) 

©S/i-SilSgWa 1 s ht5^y?)^fi^©3.— +Pffl®JtS!c-> 
— ^r>h7.iLTffllie,nTli-&o ??#tSi!(lil 0 1 j 

1 1 0 1 komtiit. immi 0 2p^x/uciy him 
ti^-&$nT, wa 1 s h-mm^—x/-^>\^m^^m 
fiE-r-So (g-1) oox— (©jw^-\' 

-I'Py h«^lcJ;Dd&*$nTVi^) . 
[0 0 14] CODWa 1 s h -lStjt'<— X A> KM^ 
^J^«U- h Rc Xmmtm 1 0 4-1 0 5 F*3TgiJ 

(DPNW^U.WLzy—!r>X (->3 — ha— 
D -;/ ht?^->-^>Xtfe^5^-r-5) i:«fi£$ns, 
[0 0 15] CliOSSm (Wa 1 s hK«5[t->3 — hn— 

mMy^X) x$>^, ci©j£«i:'>-^r>x«. r^«y7' 

[0 0 16] ^mm/Ua^y h!(^^ (Wa 1 s h^mt 
OT. SJC+IT. ■€-CDx-:$'tt^{C+ 1) 



hmmmiziiLK&miiLxm^^^ti^o ±x(d=l-^\z 

[0 0 17] t^^fbgll 0 4- 1 0 5d^?.CDtH:^«. ■5- 

n^'tiF I r:7^';u^ 1 0 6 1 0 7xy-<)i-iS'ii!im-^ 

n-5. F I R:7^'J1/:J'1 0 6, 1 0 7 (D(±i;'3«, 

-5-n^n»i«s+^UTMife»m^c o s (cogt) ts 

in (ojc^^ ^fflV^T^iSgfl 0 8 <i: 1 0 9(CJ;D7 
>;n*- f>$ns. ^Wggl 0 8, 1 0 9<DmMt 

1 0rtTig-&$nT, T>7-^1 1 1 S::^M^T*SiSST^ 
[0 0 18] .L©ftl^J^iS^QPSK/CDMA«^ 

F*3 (->>3l^;l/tfe^-r5) <Dl\dvHt, ^y^Jl'±(D 
1^— hRc (Dgm(n^y'ff}^^f<i.^o 
[0 0 19] m^it. I S-9 5 02imfltC*5ViTtt, 

Ri,= 19. 2kbps (kil 
obit per second) , R^ = 1 . 2 2 8 8Mc p s (meg 
achip per second) , g = 6 4o 

[0 0 2 0] 02tt, mmmxmm-^n^cDMA^m 

m^m-ryay^mx$>^. T>f-i-2 o i^ift-Lx^ 

^n^nMnm&m.m^c o s (w^ ^ > t s i n (a>c 

t) *fflviTy':7>:3>A*-h$n*, y«i7>3>A*- 

i5'®^ig$:l^fT-r^^Sigg2 O 2. 2 0 3©m;^«> ^ 
n-E-'nT>5^T UTv>i^LPF (□— AX^-i'Jl/^') 

2 0 4. 2 O 51:i<J;i9 >''C;P^^ai31^nT, XA*> 

[0 0 2 1] :i(Dim^tQmmt. "f'j^jv 

m^Zfu-t-y^ (DSP) 2 0 9®$ifflTT»f^TSC 
DMARAKEgm^2 0 8fCJ;D«^^b$n, jJ^SStS: 

$nT> m±'f—^m^2 i osr^^K-r^, dsp«. 

[0 0 2 2] /l-rnu/ h^^l^S (pilot interference 
cancellation) ^£fT-5*%l^®CDMA^gll3g:7-<> 

RAKESffifigOi&f^fCtPViTl^BJt-^. RAKESW 

nXATafe^o L;5''L*%Hq(75CDMA->X5^A«, fdl 

Rlfa©fS^<i:^i?^«^wrBl®ffiSfflH (cross- 
correlations) «^^SlC{g:<, R AK E§««i«#^afC 

[0 0 2 3] RAKESmttlWW*. ^©XjKJClBJScS 
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1) "A Communication Technique for Multipath Channe 
Is' by R. Price and P.E. Green Jr.; Proceedings IR 
E, Vol. 46, Pages 555-570, March, 1958 

2) "Introduction to Spread Spectrum Anti-multipath 
Technique and Their Applications to Urban Digital 
Radio" by G. L. Turin; Proceedings IEEE, Vol. 68, 
No. 3, Pages 328-353. March, 1980 

3) "Digital Communications" by J. G. Proakis; McGr 
aw-Hill, 1989 

[0 0 2 4] msit. CDMA^mm<D':fay^m-C& 

i7i:ffi:Sri6i«j yi7(Dm:^T'm^^<bn^o 
[0 0 2 5] T-)-aif<Dim^ (I) igm^ (q) 
«. ^n^nA/DiHissa o 1 1 3 o 2Txvi$';i'm^ 

p-t:>;/-y-DspoD-f >3'7cii-x«it6t, mmmmii. 
^m^^^ ^yifmmt.^cT>MA^mm\z^'^^, urn 
i^aiHijs 3 0 3 DSP (Bis^-a-f) ^^^.(TDDSpyN* 

Xi£^bTSffiLfc«^«$iJPT-ettf^-rs. RSSI 

i^mm^mm^ >-xw ^--sf) 3 0 43!)i, m^timn 

[0 0 2 6] RAKESM^fc:*5liT«, iC<H ()iS4 
ffl) CDS«R— «8«|ro:7^' y)Jn.-y h305-308 
ffl^^o #:7-i' >;tf 3 0 5-3 0 SSrfflt^T, v;i/5^/t 

mmr^. ::ne.(D7^>:tf 3 0 5-3 0 8«**fi<itc 

4#14/0Wj:^o :7^- >13=L-y h 3 0 8 «^ ?.{Cf^S(75 
/h^^ffiHSS^^WL, ^ntriSii/l'rP-;/ hit- 
LTfflVi^^i:;*tT^.i> (0 1 tC^L;fcW a 1 s hfi-^ 
D-y h«:«ltt}rS3k-U>HSm«ll*lT{£fflSn 

o 

[0 0 2 7] mo>y h-y— >;^f3 0 8«. * 

-^^:7^' >;*;3 0 8«, S;/^i:^Xfifc^<i:v;P5^/iXfie 
^i-tsr^aiu, -e-n^'n© PN:t 7 -fe y h^ffiiUffi 7 

305-307 iCiBft-r^. 

[0 0 2 8] ^mMm<r>y^ >mt. *ALfc-7;U5^/t 

[0 0 2 9] ia4tt, 3h— U>hCDMACDtJe*a^B 
— lx'>hCDMAS«jSl^© I S-9 5RAKE7^> 

3fi©it-&fflM§g**b, ^n-en4 0 2«/w 

Py h:t>i?-r A^^tHfflT. 4 0 3it/Utly b^m^ 



mmo^mmx. 4 o 4«-x-5':^>^-f A^^ttiffl-e 

z:<7))PfigfcJ;05='-5'1S^tiMi§4 0 4^CJ;Sm— 
Wa 1 s h^^^)i'±<Dy'~^'(ommtiz. mt^m^ttfi 

CDfgDSPA'X^^LTDSP4 2 0 {cai:'3^tl-5, 
[0 0 3 0] I/QPN^fi£§g4 0 5*^\ A:^;l?^S:ti 
liS4 0 2-4 0 4{c4-;^S. Wa 1 s hllSc4fife8§4 
0 6«, Wa 1 s htf^5:x-^1g-&ffiMg§4 0 4fC# 

K E 7 >i3<Dmv^m \zmnm^^^-?i.. d s p /n* 
[0 0 3 1] ^^tctJe^co^^^so^^s^To 

Rc =1/Tc ^yZfV-h. IS-9 5Tttl. 2 
2 8 8Mc p s 

Rb =Rc/Nc t'-yhU—h (BP*.. -»Jj?;H^- 
h) , I S-9 5Tttl 9. 2 kbp s 

Nc ->>#J1/ (e>y h) a&AcOCD^^-yT'lgt, I S-9 
5T«6 4 

[ 0 0 3 2 ] A /X-r P •> h-^-f > (#-<3D3.-1fliiti 

ATi= (A,+ 5i- 1/p) T(. ;<'f >/1Xfig^('*t 
-r-5 I#e©v;i/5^/1Xfig:a'®jI®P#P^. ^CTAi 

0-p- 

[0 0 3 3] ri=pAi+5i ^T'rtO/IX 0 

r (I) fiiiov;i^5^Ax^5i-75^e)®y-f X*#tjv;i/ 

[0 0 3 4] p (1) ("^ 1 (c*fT^ nS 

@®>'>7t^;W©pN->3 — hP-h* (v'a-hP— K, 
m p-y hffiF^t'b^rrs) 

Sk -Vjl/^^/IXlfe^ 1 (P.— tfk) fflCDn#S 
0->>#;UcD->>#;i^>'^:^^^— p— h* (Walsh-cod 
e) T^i' h;i/S^«*^ 

[isci] 



-hl5<CtgF#tt, 1 I'MTS n » e CD -> > 

5j^;i/55>e.f#^n75:«^^^*;i/^S']ffi (cintt'^ci^ h;i/ 

[0 0 3 5] 
[|%2] 
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2{/) 

[1^3] 

it, F I R-LP7^JP^iffl31) Sf#Sfe«>CD5^-V^;P 

SiJffl«-> y^-)V n W^SiMT * -5 
[0 0 3 6] y VJl/^AXfig^i- Uc^f-r-SnS 

rI.Q[i]=r[i] -y-::/5=->y7'l'-Hp Rc T© 
2) x-a' l:t>i5'-f Alfi-&ffiilii (EI4(Oi:4 0 

4 ) (Dmif^&irmm^(Dm^^'7)V'f-n7.^j^f)^ o oi« 

-&M^^!!ia:/P ^> t LT^-r. 501-504 
m D>y h^>^'-f AffiWg4 0 2 ©aitgS:-^;^, 
—:^5 0 1 -5 0 3. 5 0 7, 5 0 8«, ^— ^'1^> 
iS"f AffiM^4 0 4CD^ffi*-^A^„ ElStrfflV^^nfc 

[i] = rl [i] +rQ [i] T** (BP%, 04® I 

[0 0 3 8] *A«^r [i] 5'>7:/-->>:Jt^;i'a5 

*S-&QPSKDS/CDMA'^-XA*>K«^ (^'''i7> 

3>/\*-h^(D) Tfe^o :t>^'-fA-tr^i'^5 0 1 

^-^cDltPSrtfyi^T-yyTS. (0) [ i] Sr« 

gCgiS 0 3|*IT1S^«SIHI8S5 0 2i>-^<c,^m\^tz.m-M.\Z 
S-&ft: t 3 - h- 3 - K <0 P N > X p ( I) t 

[0 0 3 9] «»S5 0 3*^6<Dffi^;5»f)±{W®T^3. 

Al^— ^®SS (1 ->>5J^;P{CS^#« (accumulatio 
n) ) 7!)^^^^*;P^SiM (JgclSC) 7!»^*f#^>n^o 

5' 5 0 4 ia*?Wfc5^-\'*;i/^a!JT;u=fuXA::^a y 

(Channel Estimation Algorithm Block (CAL) ) 5 

0 5 ii, ^^*siHiss5 0 6 ii^m-r^, 

[0 0 4 0] 4#«©v;u5^/tx»c*f-r-5^^^;u«siac 

^(^iyy^mzi^T^"^^ ^jim^^Mit. CAL 5 0 

5tCj;0e«C»$n. ^LTCKOCAL 5 0 5«, 
AU— 5 0 4*^e.©^fiE©W*<i:±T<7)#€>nfcf^^ 



Ksk(|)(") CO (OL— tfkcDWa 1 s h^?^) 5r^5fe-r 
S <i:, TfiiJilSS. fip-^T^-^'fflHgi 5 0 7 - 5 0 8 «- 

[0 0 4 1] :rP<7i' 5 1 0«. *^3g5 0 9j5if.COlt 

s p) 6 2 0 tLxm-r^mm(D'Mmt^^ (t'^S'-e 

[0 0 4 2] CAL:^0«y;7 5 0 5tCMLT«, 

jp^aijfii (^1^) >'>4?;n^-hTt)-pT#e.n 

zfij XA(C-^*n^«i&T©5^^^;P^SiJffl©'f >5='>;/ i7 
[ft 5] 

[0 0 4 3] CAL7;Pr/UX*A®fiJ,^«. :7x— v> 
*tJtL;^i:ttn«fj;e.>j:V^*^^Tr*^o C ALCDlt$l^f 

[0 0 4 4] li^TOl5iBJ(c*5ViT«. i*CD5^^^;l/:?fflll 
ffi (®gf®?) AWD-y Nf|«|fiet<S6ffl$*lSCAL 

[0 0 4 5] T^ilAI/— ^^P>yi7tcHbT«. ^(D 

[0 0 4 6] l§l4 0fie5fe®S{ttSfC»^'<.iT. HtraiiJ; 
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P->'i7503-510 Sr-^tJ^H^— >7 h 5 2 0 Srfflli 

[0 0 4 71 mm^mmi[:T?>rztf>\z. 2f@©/txffi^ 
[0 0 4 8] mmmfS(^^ 

[0 0 4 9] 06(C*^Bjo/l-i'Dy h^^^ife (Pilo 
t Interference Cancellation (PIC) ) ^O^I-IBSr 

^T. HI 6 <D:^^m<DS:mm\t. 2 *CDMX 6 1 1 i 6 

s«3*K;i±cD7'f' >;«/o5^2*o*.^{5effirs m 

3#Ba®^:i) . :7w>:itf6 0 3. 6 0 4«, -t-ti^n 
S;^j:-5/'?7.«^6 0 1 1 6 0 2 *t([^Lfc:)^feT«W-r 

[0 0 5 0] :i<Dmm.m<D^mmit. is^m^r(n> 

S«T-5*«. ^n*V17.0i:AXl*^f)©M:??®^i^Sr 

^f:! t«^liLTt^;^j:v\ 0 tA'X 1 a^m 

A-fn>yl>m^«, S«/tX^^a)/'«'7-Oi!!?j2 0 
% Sr^-rOT. AX 1 P y hW^Sr/N^X 0 

[0 0 5 1] z.a:>:Lii^^m.-r^ii. y^>1i6 0^, 

6 0 4S:^MbTA'rP-y NS^figESSe 0 6, 6 0 7 

S:-^n^*n^ne.<7)7^' >:</6 o 3, 6 0A\zmiav 

T, AX035^e.<DA-r P>y h«#6 1 1 AX 1*^5. 

(DA-TP-;/ h«^6 1 2^B1«/ST'So AX0O§«« 
•^r^") T$)^r^°^ «. :^>^'-1'A-tU-i'^'[HlgS (on 
-time selector circuit (OTS) ) fc J; 0 5aS^ 

AX 1 ©Sftm^ r (n> T$>-5 r(l) |5li:^<:t 
>^"f A-feU'^^'lHlSS (OTS) 6 0 2tcJ:DS-r^a31 
$nT> -5-®t^^iE^n;t7>i' 6 0 4 tC cfc O^aii^? 

[0 0 5 2] n-iUy Vnm'^m^ 6 0 6, 6 0 7 tt. 

^f-m-^ntzmma, \tL^(i>, Axii®T-T?t)oTA-rp 

h«^^S<S^-r-5. |WIIII(C^-rct5{CAX0*>^(7> 

nm^U u iiD3¥iEi8S 6 0 9 F«g-e/ix i © 

[0 0 5 3] nm\zn7. 1 d^e.©B«^/S-'f P 

«. *p#iHiss6 0 8 F*g-z?/-^xo e.M#$n^. 

-?-n-?-'n/tX 1 .t/IX 0 ©/l-f P y h«^*MlLLT# 

e)n75:>'ix 0 tAx 1 ^-^^^ e>»c:-?-n-€n 



7^'>:*fO^:7^>:tfl|^TiE?SlCttif^nSo tff^U 
>S:©<i:l^iUc, 7>c>:*f 0 i 1 *^e)®ffi;'3m^«, fiaj^ 
aoSP 6 0 5rtTllfT^n-5J;5;'a:t:*-y h*^. 

[0 0 5 4] A ■ - y >y 7 7 ^»-r a/t-f g 'y h 

Hi 7 ^/i-f p y v^^m\zmi(D^^^}v^m\^m.n-r 

^fcibiz. v'>it?;u;N*-y :7 r v^it 2 7 ^' ®iil^ 

tHtfji^fj:l\ ^(Omz. <DfSmit:k(0 3 SPgTff ton 

[0 0 5 5] 1. ^y^>:»nzMLx, ^mmm^^ 

I #S<Z)V;i/^/tX^5J-©5^-\'^Ji/?-aiJffl^£f#T. 

f-mm'&m t^x a-t o ^ h srs^j^rs. 

(L-1) <B®VJ|/5^/^X«^{Cj;l9 5l#®C:$nfcA 

>f p h^«iisi^*-rsfc«e)fcjios««dc$nfcA-r p 

3. z(D^5^zLTn^nfcm^^mm-r^o 

[0 0 5 6] miit. ^©^iiitc«eoTf^ffl-r§«fig^ 

it. y-y ->3.©#ViTVi;a:v^#^®:/p "J i; iR— ofil 

#?r-r^„ |5l0fCSt-rJ;5fr:/P<;/i7 5 0 1 ' - 5 0 
5'. 509', 520' «, ZfUy^^Q\-bO 
5, 5 0 9, 5 2 0 ®5»C^t-) tl^Dfift^^fS. 
:/P i7 7 0 0 t 7 0 0 ' lE^fb^nfc ( 7 O 5 t 
7 0 5' {Cd; 0) ^^^;P^a'JM (504-505, 5 

0 4' -5 0 5' ^m^^xn<bntc) ^m^^^mmon 

[0 0 5 7] n^Uy V^^iJ-^df 700<h700' Ci 

nyX'T.m.mt. ^n^'nR LP:/p-yi77oii7o 
1' (w«fi£p-Ax:7^'ju:$') >£rffltiT^a:(cAne> 

ns. RLP701i701' ilSd^ltScC^y y 

Sr^SLfiV^t t*-y hX5— h (Bit Error Rate 

(BER) wmmr^o Yi.'LV(o%Wj'A^'^XY\zwim 

[0 0 5 8] n^Uy V=f^y-^^1 <^ 1 i:7 0 1 ' 75^ 
n-i P y h«^«:f»«fiKUTl»Sra, -»4^;|//N*';/ 7 r 
703-704t703' - 704' (CcfcO, 

[0 0 5 9] — :^cr)-/^>5^tc43ViTRL PICJ;D«A 
^i^.tzmmlW^-r^Tz.^\Z. /h^/iRL PaM/N*>y 7 

(Dtt^->y— tl->7'JU®RLPil5gT. D=N/2 
T. N«RLP7^;i^^O^'->':/^) . *KLTiaMa 
z 7 0 2 i: 7 0 2 ' tt, ^tl-^nR L P 7 0 1 t 7 0 

1 ' =&ffiffir-rs. 
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[0 0 6 0] mnmmtvx. s^^^-yfo^i^mizini 

igtLX'i^^U) tC^fUT, 706-708^:70 
6' - 7 0 8' tLT^$n-5TSa®S'&A-y>'T©j^ 

[0 0 6 1] ^(Dj:of£mmi-i. mm-c^^iim^it^ 
s. ^nrnzm-^z-^'^/yr 706-708. 706'- 

7 0 8' \t'i!,-WrHtti.l\ Z.<DZ.}i^m^T^t. 
[0 0 6 2] nTs^ D >;/ hm^75VN°'f UvVt'a 

tt*nfi[g|7 1 1" »cira;ie.n. Willis 20' tcct-sfs 

V'f-iT-^^l 0 0<DRLP:/n-yi' 7 0 l75^^.CD#MN° 

^t) w:»3«. a®$n. *!S{ksn. «^5 0 3'\ 

[0 0 6 3] raitf'Ax 1 ®/^-rn-;/ hm^«. /i-rp 
V v^^'T^^ 7 0 1' i*ii?s«fig^n, ;in«iip#g§ 

7 11 Jcmsn, «iggg5 2 0»iJ:S«#©«H©h9 

{::/-?X0®ff-^*^e>M^$ti.5o AW o-y hx-Yx^^ 
7 0 0' ©RLPT/P-yi' 7 0 1 ' *^^o#^A';uxs?^ 

[0 0 6 4] *:^BJ®flil<Z)J|Jg«»J{C<ttl«, "T-^T-^-^ 

(7 0 0^7 0 0' ;5^&t#e.n^) ^g^y 

□-trX («ilSg|5 2 0i:5 2 0' {CJ:S) fCfofiSfflT^ 
[0 06 5] S8, 9II«®7®7^^5^^:J'A®iJ"f 5 

>^\znvx\<^ifi\z'^i^n^i)^^mvit'h<D-v^^o -> 
y^)vnvyT 7 03) i^Tj^ji/nCA-f p 
-y H Wiiti^ yyTf-)Vn(D^-:5>i)^i^n<bntz^^^-)V'f' 
mm (.m.mzn^tifz^'v^)v^mm) {c^fLUfr-r-s 

CltSrfflflUbTli*. iS^/.N-y^'T (^J, 7 0 6) \Z^ 



[0 0 6 6] E19tC«. /l-f P-y 

^s^fo m^nyyr^^\^ti^^^m(Dmt\t. sm^ 

CO 0 6 7] 5^^5^jyj>A(0i!if^ 

*t-»7l?;i/tt{::*:i|@{cf^t3S<t -5 b E R±fc» 

* L t WT^ ' t T S o 

[0 0 6 8] AWGN5^-\'4^;P{C*5ViT«, ^ 

^ JUSfc^fk b;a: i^tHSg B \z 

[0 0 6 9] A-TP-y hfg#?rW1ifiE-r^fci*t;:. 

<Dmmt^^^)\^^mmim^m^mzmmiyfty'-:S^ 
;!>^e.»e.n. ^timzy^x<Dmmti^{if^^^itii>x$> 

[0 0 7 0] ||IS{C«^-;/7'-1*->y;i/«, 4 e>y his 

■iayhnm^-fa-tx±mt. {^if^hmmm (rl 
'^y:fu-hX0mw-^^'b'ii-^xitr£iK ^y:/ 

[0 0 7 1] B-z-^yyTtuvcpmrnrnm^ 

mi 0 iztitm(D'^^^)\^^9m^mi'-^^^iicof£wmm 
r7bt^-mt£^'^ftitizn^-r^(Dizm%mMf3:m^x$> 

(7^'>:*fo) ts 2 0' (y-^y:^!) A^im(Dyy 
7H;i/n- 1 <D^m\zm^^'E>n^^^' ^ji^f-mm.! o o i 
1 1 0 0 1 ' ^^n^eny^ y:»oti (0'A<Dyy^)v 
n<DA^ay hm^(Dnm^tm^^zmmT^o z.(d 

/U P y hnmmt. nigs 1 0 1 0 i 1 0 1 0 ' -Cfrt) 

ns. m&t. mam? 1 1, 711' fHxnt>n^, 
'f^7-i7^B\t. mr)(Dyayi/it. mrnvtzzfayi^ 
tm-(Dm^^nLx$>^o 

[0 0 7 2] 01 HZit. A-f P-y hS«fiEffl»C5^^^ 

Ji^m^-i s. y^^^tf-i =r^^B(n>9>{^y^^\ 

— VW^TP.'to -^^JUnWA-r P>y h^S«, ->>Jt? 

)Vn - 1 o:>'f-^i3^(^mib,nTz=y-^^)v^mm.iLMz-' 

[0 0 7 3] =f^'r09B<r>mm- 



# 



CO 0 7 4] Vi^U mm)u--ftit^^:f3:Wi'Ammm 

[0 0 7 5] c — n^yy^m-r^&mmmm^ 

^Sr^-r. ^r^wz. n-(U'yhmm^m\zcAi.\f^ 

(7 0 0i:7 0 0' JC<tS) mfS\<D'f-^^)V 

^f-mm^^-r^nyyr (bp^, 703^703') ^ 
^vrf^2iz, mmji--^ (ep^, 1 0 1 0 1 1 

0 10') $:fflViT, ^<D^M/Uay hnmi^<D^^ 

[0 0 7 6] i^0{c^-rct5JciSSlHi;i/-y:/D-/i^ 1 0 
10' HiO. /"?Xl5i>e>Oi^mA-f P-y hfi^tt, 
(JPI¥§|1 2 1 OSrfflVJT) /1X0ffl/1-f Py 

7 0 o^A^'j^ti-sm^d^&Mff^nSo mm\zmwi 

-:/yD>yi' 1 0 1 otcJcO, /^xod^^.cj^^mmp 
>7 hft^tt, (ttl#|g 12 10' SrfflliT) /IX 1 ©/t 
P<7 h^«§§7 0 0' ^A:b$n^«-^75^e>M^$n 

[0 0 7 7] A-f P-y hW«|j«ffl©^-V^Jl'^JWfit*«5 

[0 0 7 8] 'f^'r^^CCDmi^ 

- K-^xTOffiJi^ (->>7p;l//N*>y 7 T i R L P €rfflti 
[0 0 7 9] 

[0 0 8 0] A-^tg§ai^a 

/l-TP-y hfB^C(,) [i] tt, «iSOHfrfC5=->y 
hTSmm^r [ i] *^6*l]^g§l 3 0 0rt*^^.^*$ 

ns. lai 3 0Atc*ii^T«. mw-^i 301 

1 1 3 0 2) «, SgSlfg ( 1 3 0 3 1 1 3 0 4) 
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[0 0 8 1] igi 4®X'r5^il7^'Dtt, ^>^^A±.U 
0 1 0 1 ' , CALEBSl 4 1 0 1 1 4 1 

0 ' , mmms 20^520' t/^-r p-y hx-i-^^^' 

1 4 1 0 i: 1 4 1 0 ' , mwm^ 1 4 2 0 t^wr-So 

:t>^'f Air Ix'iz^' 5 0 1 t 5 0 1 ' i^sHSIS 2 0. 

5 2 0' (Dmrnmrnvftm^-^^^, 

[0 0 8 2] ^^v^i7i$^D\t. M'l^izWm^n (/l-fP 
y T-^i? 1410il410' rtT) , >^>-^)V 

h Rb T®5^^ ^Jl/^ffllli» 5 2 0 t 5 2 

0' i:CAL|Hl8Sl 4 0 ltl40 1' 
^nfc (*^ggl 4 0 2. 1403^1402', 14 

0 3') mm^/uayhmn^m^^^. ^©»i4o 

2 1 1 4 0 2 ' *i&f§Snfc/N°-f P y hm^tt, JngEgl 
1421tl421' rtTin^^nT. ■5-n^tl5 2 0 
i:5 2 0' (J5h7:7^-yi/ (5^-^') ft^tfj:^., ^cD 

1 4 0 3 t 1 4 0 3 ' i!}^?>n^nrzn^ P h 
«^ttJn^ 1 4 2 2 i 1 4 2 2 ' rtTJP^$tlT^-n 

^trnmrns 2 0^5 2 0 ' (D^-^^ji^mm^zfSi^, 
[0 0 8 3] mmA(Dmw£m-Ammm\t. /i-r p>y n 
nm^m c A L 1*1 r il(liil*-^Ofc46 

fC-»3i^;i/A--y7T («^, S7O7 0 3) 
[0 0 8 4] mi 5iZity=^^^^D(D^-^S.>'^^^ 

[0 0 8 5] B-#@^ia^5fe (^^5^»j^E) 
To 

[0 0 8 6] y'^T-^iS'EU. :#>i5'-f A-trU^^iS? 5 0 

1 t 5 0 1 ' , CALUlgS 1 4 0 1 i 1 4 0 1 ' , ^iS 
g§5 2 0t5 2 0' , /WP-y hT^-C 1 4 1 0 i: 

14 10' , mwjsifs 1 4 2 0, mn^ 1402. 14 

03^:1402', 1403' t$r*L. Z.n.(b<DmW 
ALHIBSl aOltieOl' i*gCSgl 6 0 2 1 1 6 



(10) 
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0 2 ' t^mV. 1410<i:1410' <7)^^^)ll^m 
m(D^i^m.m^tl^ (refined) =fcp/j:ll m*g:*JS 

l8{®i^**«UDmiHl8S 1 4 2 0 F«3-rfTt)n5. 

[0 0 8 7] 'r^T-i7^E<D^-( S.>ifif'yyit. mi 
5 Oxi" 7^i'5'D<7)'?-ni:|Rl— T*S. 

CO 0 8 8] ^-<5'i^i$'E<Dmi¥ 

(1212) mTmmr^(D\zmi^u^\ ^omm 

[0 0 8 9] E-3 7^>;^:^5Kg)g»l 

01 7fC«. HifcO^^i'^^W^ffl'Jfii (IP^, mi 0©5^^- 

ft3y^>:» (3 /IX) ©smttlo«l*3t**-r, is- 

[0 0 9 0] RLP (^j, 6 0 1) \t2m<Dmi3^m-t 
^d^. 't<Dm}^it^<D2m(Dm<Dy^>:»i, 2«, ^ 

<D/viysmm<Dmmmt. y^>:»iii2\zni'. 2m 

P-;U:t7«^aoff ( I S - 9 5 T«aof f ±5 0) 

[0 0 9 4] laisfctt. -^zr^-j-f^yfy^T.^^ 

f-SM^P [i] 0->3- h 3- K >X*^-r. 
E119tC«. «:*c4{@®-9-'f KD-^^cD^-f^^Xh W 
X*F:3-y--f >:7i';i/^ (Nyquist-raised cosine fiite 

r) (oiEmt-^titznmmL^ y/vvx]t-!^^^-r. 
[0 0 9 5] Ei2 0ttt, v;i/g^Ax*K^J'0®/t;wxlg 

)V^ny.^^o\zm,-t^o ^<Dm^y:^u—hX'(D:t> 

h,^>zfMt.. (Mmmz\t.) +isfc«-i (iE 

hn)vxmmy^)v^\ts mmmp^xm^^^ix^t^^x 
tb^ (;i->^'rA-tJ->7';ncttjfi^'f wijux® I s I 
tt#aEL)5:t>) o mmzvi. wmmtwz-mv-vdi^ 

^y.W^ Xy ^ (square-root Nyquist raised 
f 1 1 ter) 75t?^fiE-r ^SfBli[^0/'^;PXSSJ^V v^Yy 

i^fz. —m.jv-hO'r-i^TshV'ixvy^jv 
^f) t.mz^mm(D^-xn>}^nx-r-f=^xvv-^x 



y^yiio (/^xo) fciJi^Ttt. y-oDi, 2 {n 
XI. 2) ©M:^75'>e.cDA''f p-y :7-i'>:*fo»cA 
;'3^n-2)ft^7i^e.i^*^n^» isi^ic^-o;*; 1. 2^ 

[0 0 9 1] nm^u-nxy^)i9 (rlp) 

[0 0 9 2] A-/1;PX^^Bgg)SMgKg>i^^^^^ 
la 1 8 - 2 0 tt, "=?';i/^/'?XfigiJ-0:5"f 5 >^:t7-fey 

^nm^u-nxy ^ (rlp) ©iS^s^ssr^bT 
^^■5. •7;i/5^/tXBfc^)- 0 o-9->7^;Ht/i-i' P y 



[0 0 9 3] 
[^7] 



IEM{t;sn;^:>-l'+X h/i;i/X>'x-7'T«, 

[i&8] 



■I 



0,^9^0 (ISI-Jwe) 



(-2) 



[0 0 9 6] ;iCDA'l'P>y hfI^^ft!l©v;i/5^AXfi£^ 

{y^>ii) , ««j^«fig5i-i*^e.i^5fe-r^/t«6tc, 
T. /^-f p >y 0 (D/wxmM^^m.-t^>i^^f)^& 

m^mX^t. VJI/^AXfig^J-OCDA-f P>y Hffi^ 
Sr^^i'l/i^e.l^iS-rSfcJifCtt, mm (RLP^a 
j 5 l) ®;J->^'r A+>->:/;l/T, /l-Y P N 0 

xSf^<&s<gfi£-r^ie^SA«s>So <D-7)v^-:f)vp^\z 

(in between) {C*D (ZlOdt^ai 
«:jti»T«)) V ^nmz (* 1 ) J;n«/1-f P y hm 

^ 0 CD/i;PXSfK«SST$)So 
[0 0 9 7] nm^a—/^Xy ^ )l'^(DF I RT©^iS 

isia:Tt)c.T, s: (* 1) <Dmms:^i2,^im^m.m-r 

[0 0 9 8] 13 2 nc«, nmrnu-ny^y ^ (R 
LP) I RHiSSrS^-r. F I R^^tt. aj 5 = h 



(11) 
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[(j-N/2) • p + 6'i ^nmzsmT = pA 

"N/2,0 =®*-'^« m<D%mt-i£aiiU^o :LtHt.T^ 
(DrnkiBik (integer multiples) ©aMJCOliTST 

I'Q [i] tt>'3-h3-F->-'^>>^T*S. 

[0 0 9 9] R L p ^mm-r^momm 

X.) t>/Mn-> H/ijPxgEJ^©+^J-;JtiaflJt^#S(Dfc+ 

2. mm ummr£:^^^y^-c$>^. ^oaa 

3. /t;l'XSEJKh [i] N/2 • pOUlZMT^ 

(0 10 0] 4. if@<D;p->:?7';/y5=— :/;i^ (-&LT 

Xrr-y5^*)*D^g§fe^!j:^S) tLTllilT^^o 515AP 
(fractional delay) 6 = 0-- p- Hzm-oXtiitl'S:^ 

mt^o dcD^— 3^;i/CD-y-'f 2^. p <Dmx& 
Ki. Mmit'^mmvxi/'4izmtt)^:itmx'^^o l 

l^XnZfN = 4^y:fX. p = 8i:4bfy h®ltO«-& 

1 2 hT. Mm^^^mmvfzm^^zit 1 2 s e-y h 

[0 10 1] 5. F lRy^)l'^\Zj;:r)mX-^nrz^y 

RLP'v©A:^«. PN->-ir>X€rai^-r -5 illicit 

amffl O P N >X SrBi 0 mr :i i J; 0 #B 
tmffT^S (02 10#-r>hXSr#Sgc^)C:i:) . 

[0 10 2] 6. y^>:»$>rzK>nm^r^2msi±<D 
T/^-r □ h 0 *H#ifig-rs) -€-n-en©ji 

M:^-:7-t:>;/ hfi2 fct«eoT7^' 0 2 CORL PS: 

i^-Si-r-s. RLP:7-i';i'^'©^'-y7'#^aM^'f > 

62 Sril#©RLPaj 5i (CSDx., ^'y::^##a®^ 



-So 

[0 10 3] g?<=>fj^^^:^a 

[0 10 4] Cl(DaW©>5:J&{C^i|5675::^-f -y^^titlg^ 

[0 10 5] ^mm<Dm<D<t^mizj:nit. x-^y^im 

^Xip (miniHun mean-squared error criterion (MM 

SE) ) \zmoiimmx$>K). ^j^^^giiL^v^MS 

[0106] El 2 2 (i, ^^rt- y h 2 2 0 3 (CJ; OftiJ 
ffll$n^#Jn^Og|A«Sffi (2 2 0 1, 2 2 0 2) 

T'&06®5S:#S!P I Cf-f 7-^-5' ^^^'^u^mm^m 

[icl 0] 

[0107] A'-l- P -y h 1 tt, A'X 1 (7)^-v^;P<&^SiJ 

<i:«T^;^cti. -e-o/iJ6^i Oj5;a. (0. 1,-, 
j . -, (L - 1 ) ; j ^ 1 (Om.O'^yytv 

m^\t. L = 3 ^^-fey H®pltl;a:i^;i/ 

TffiSCT*^. ) 

[ia:i 1] 

[0 10 8] ^^cJcai'^.&a^^fflViT. Tisog^^^^^ji/ 
[»i 21 

sr* C a ) 

cj" { b ) 
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y h 2 2 0 3«, *0-»3i?;l/raBlTTIS©/'^ 
-f o >v hl^Sffi^^^TS. 
mi 3] 

OaS5cl2 (a) $:fflViTS1^s£$n. :k<D>'>-^)m 
[«1 4] 

G,'~" = {0} 

[0 10 9] ^n&.9\-x'rm<Dm-^\z\i. x-<y^2 2 
mi 5] 

/l-YDy MttScl 2 (b) ^ffllr^TSfll^^n. 
[^1 6] 

[0 110] 02 3«, L = 3 7>f >;if®RAKESm 

m(Dmm.-J5m^7fir. 02 3«, ^ h 2 3 0 1 

tX-f •;/5^2 2 0 2, 2 2 0 4:*?#J)P^nfcIg|l 7T^ 



■<)V^ (RLPF) 5:ffltiT> n-iUyh\<D (L- 

[0 111] m?i.\i.. /1X0»C^*bT«. /tXli:2ffl 

®/Wn-;/ hfS-^ (17 10' i: 1 7 1 0" |*IT) 

mj^x^^ ^cD^;in5.«/txo(7)«^*^&M#^n^ 

mW^2 3 0 5 *fflV^T) o |sHi{C/W UyVQtl 
tt. /'?X2om^A»e> (*n3¥«2 3 0 7SffltiT) iiSSC 
P h 0 t 2 1 (JD^S 

2 3 0 6 ^J-fflt^T) M^^n-i), 

[0 112] T.'i -j^mmo^mm 

[fSl 7] 
[1^1 8] 

[0 113] ^Kcswtt, iCssHffi-rs t-e* 

-So 

[ISCI 9] 



(3) 



[|gc2 0] 

J;, a 



(3) i5;«);&<BiJ€:i¥^B-r •&<»:> ^cDJ;5Jc;iS, 
[18:2 1] 



£,-1 



/•o 
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